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The persistent trend of miniaturization has led to the exploration of magnetic nanostructures 
with ever-decreasing feature size and large magnetic anisotropy for developing ultra-high 
density storage devices and for implementing quantum computation. In this context, individual 
molecules are being considered as an attractive candidate owing to their economic viability, 
reproducibility, and ease of processing. Single molecule magnet (SMM) is one such class of 
molecules exhibiting bistable ground state, and a large magnetic anisotropy which introduces 
an energy barrier for the spin reversal35-40.  
The working temperature of the SMM is characterized by its blocking temperature (TB) below 
which the molecule shows a magnetic remanence and open hysteresis. With the development 
of the molecular design, there has been substantial enhancement in the values of the TB. Since 
below TB, a SMM can store information in its spin-state, it can be used to realize functional 
spintronic device35,37,41. However, a SMM can lose the information stored in its spin-state either 
due to the dynamic coupling with its environment, or via non-thermal pathways like quantum 
tunneling (QT) relaxation process42-44. In the QT process, two degenerated spin-states having 
opposite spin-directions tunnel into each other without following the potential curve7. As a result 
of the QT process, SMMs, in spite of having large magnetic anisotropy barrier, show vanishing 
remanence in their magnetic hysteresis curve even at very low temperatures and behave similar 
to paramagnetic materials. There are continuous efforts to suppress the QT process such as by 
combination with CNT43-45, or adsorption on MgO film46. However, further progress requires the 
atomic-scale characterization of the magnetic behavior of surface-supported SMMs to 
understand and control the quantum tunneling relaxation of molecular spin. 
Here, we demonstrate robust spin-polarization of the double-decker 
bis(phthalocyaninato)terbium(III) (TbPc2) molecules adsorbed on the bilayer Co islands on Au(111) 
substrate using spin-polarized scanning tunneling microscopy(SP-STM). The TbPc2 molecule is 
a quintessential SMM47, and its behavior in the thin films has attracted wide attentions48-50. One 
of the prerequisite for making devices using SMMs is to adsorb them on a substrate surface. SP-
STM is ideally suited for studying SMMs adsorbed on a surface since it can detect both the spin-
state and the bonding configuration of the molecules at the same time with sub-molecular 
resolution51-53. Our results reveal that molecular spins of TbPc2 SMM are antiferromagnetically 
coupled to the magnetization of the Co island, irrespective of the bonding configuration of the 
molecule. Stable spin-polarization is inferred from the substantial hysteresis observed in 
magnetization curves measured over the TbPc2 molecules attached to the Co islands. This is in 
contrast to the reports of near-zero remanence for the bulk TbPc2 crystals, and TbPc2 molecules 
on non-magnetic substrate. The significant hysteretic opening observed in our study can be 
attributed to the large magnetic anisotropy barrier of the molecule and the suppression of the 
quantum tunneling (QT) process. 
we investigate the perpendicular magnetic anisotropy energy (MAE) of bilayer cobalt islands 
on Au(111) substrate using spin-polarized scanning tunneling microscopy at 4.6 K and fifirst-
principles theoretical calculations. Au(111) substrate serves as an excellent model system to study 
the effffect of nucleation site and stacking sequence on MAE. Our measurements reveal that the 
MAE of bilayer islands depends strongly on the crystallographic stacking of the two Co layers 
and nucleation of the third layer. Moreover, the MAE of Co atoms on Au(111) is enhanced by a 
factor of 1.75 as compared to that reported on Cu(111). Our fifirst-principles calculations attribute 
this enhancement to the large spin−orbit coupling of the Au atoms. Our results highlight the 
strong impact of nanometer-scale structural changes in Co islands on MAE and emphasize the 
importance of spatially resolved measurements for the magnetic characterization of surface-
supported nanostructures. 
 we demonstrate robust spin-polarization of TbPc2 molecules adsorbed on the bilayer Co 
islands grown on Au(111) using spin-polarized scanning tunneling microscopy. Our results reveal 
that molecular spins of TbPc2 SMM are antiferromagnetically coupled to the magnetization of 
the Co island, irrespective of the bonding site of the molecule. Both, the edge molecules and the 
flat-lying molecule exhibit stable spin-polarization direction which is opposite to the 
magnetization direction of the Co island to which they are attached. However, the magnetic 
asymmetry is opposite for the two bonding configurations due to difference in the molecule 
DOS which originates from the different molecule-Co island interaction for the edge and the 
flat-lying molecules. Stable spin-polarization is inferred from the substantial hysteresis observed 
in magnetization curves measured over the TbPc2 molecules. In contrast to the reports of near-
zero remanence for the bulk TbPc2 crystals, and TbPc2 molecules on non-magnetic substrate, 
our observation of significant hysteretic opening in the magnetization curve suggests a 
suppression of the quantum tunneling (QT) process. 
SMM class of molecules have potential technological applications, both as an element of 
magnetic storage devices, as well as for implementing qubits for the quantum computers. While 
for the former application, a high anisotropy barrier and suppression of QT is desired, later 
application requires QT processes for the read-out and manipulation of the qubits. Thus, 
developing a viable means to tune the QT processes in a controlled manner can enable us to 
use same material to realize both the application. We anticipate that our approach of using the 
substrate to control and enhance the properties of SMM will accelerate further research towards 
realization of SMM based functional spintronic devices. 
